Epilepsy, and its treatment, can affect the development and use of language in a number of different ways. The seizures may be a symptom of a lesion in areas of the brain essential for language function, and the complications of both the seizures and of the drugs can interfere with learning. However, the purpose of this review is to consider the role of epileptic activity as demonstrated by electrical discharges in the electroencephalogram (EEG), whether these are accompanied by overt seizures or not, on cerebral function especially that of language.
INTRODUCTION
In a recent biography of Hughlings Jackson 1 it is stressed that one of the greatest contributions that he made to the understanding of epilepsy was his teaching on the interplay between positive and negative symptoms. In one of the simplest type of seizure, the focal motor fit, this is illustrated by the positive jerking of the affected limb and by the negative loss of function or inability to move that limb during a seizure, and for a while afterwards, although the patient is fully conscious. This concept can be used to explain more complex fits 2 , and even the clinical findings during absence seizures 3 .
EPILEPSY AND ITS EFFECT ON LANGUAGE FUNCTION
Certain syndromes will now be considered to illustrate this effect.
THE LANDAU-KLEFFNER SYNDROME
A condition linking epilepsy and language function, which has been recognized for a long time, is the Landau-Kleffner syndrome, or acquired aphasia in childhood with seizure or convulsive disorder 4, 5 . In this condition an affected child loses the ability to understand speech or to use it; the onset being between the ages of 3 and 8. The disorder of language function is usually a verbal auditory agnosia, with an inability to comprehend because of a defect in decoding phonologically, although a few such children have better comprehension than expression 6 . The problem in understanding may well be a high-level auditory processing disorder 7 , and is not restricted to the auditory modality, but also occurs when written and sign language are used 8 .
The presentation in over half the children is this loss of speech, which can sometimes be mistaken for peripheral deafness. It develops over days more often than weeks, to be usually followed by epileptic seizures after varying periods. Other children start to have seizures, which are often infrequent, and then develop dysphasia. Some of these children never have seizures, but the EEG always shows abnormalities at some time, and the most characteristic finding is the presence of spike and wave discharges during over 85% of the slow sleep period 9 . Investigations, including CT scans and magnetic resonance imaging are unhelpful. Bishop 7 , in a review of the literature, examined the outcome of the Landau-Kleffner syndrome in relation to the age of onset and found that the older the child the better the prognosis, which is the opposite to that found in childhood aphasia resulting from structural lesions of the brain. This is in favour of an auditory processing disorder and not a focal lesion of Wernicke's area. There is a lack of evidence of links between the incidence of overt seizures and the disorder of language function, but not between the latter and the occurrence of spike and wave discharges in the EEG 10, 11 .
THE CONTINUOUS SPIKE-WAVES DURING SLEEP SYNDROME
It may be that this syndrome, and the Landau-Kleffner syndrome are different manifestations of a single disorder, having the same pathophysiological basis 12 . It occurs between the ages of 6 and 14 years, and there is mental deterioration with a decrease in IQ, severe impairment of language, spatial orientation, and memory. Also there is often very disturbed behaviour, reduced attention span, hyperkinesia, and difficulties with personal relationships 13 . It has been shown by Perez et al. 14 that if the spike and wave discharges particularly affect the frontal lobes, the symptoms can resemble a disintegrative psychosis or a semantic-pragmatic disorder. Some form of encephalopathy may be a possible cause, but usually neuroradiological investigations are negative. Epileptic fits can occur, and the EEG shows diffuse spike and wave discharges during sleep, which can persist for long periods during the non-REM stages.
BENIGN EPILEPSY OF CHILDHOOD WITH ROLANDIC SPIKES
In this syndrome seizures are uncommon. There are usually no significant physical or mental symptoms directly related to the fits. On EEG examination, apart from the focal spikes in the Rolandic area, there can be paroxysmal spike and wave activity during sleep. The apparent absence of neuropsychological disorders may be due to the fact that the outbursts of epileptic activity during sleep are less frequent than in the other syndromes, and not so continuous. However, this lack of such findings has been questioned 13 , and further research is needed.
O'Regan et al. 15 found that the relationship between epilepsy and disorders of language function was commoner than anticipated, and formed a spectrum from Rolandic epilepsy to the Landau-Kleffner syndrome.
OTHER EVIDENCE OF EPILEPTIC DISCHARGES AFFECTING LANGUAGE. DEVELOPMENTAL DYSPHASIA
Apart from such syndromes, the possibility has to be considered that the acquisition of language in early childhood may be delayed by epileptic activity and cause a developmental dysphasia 16 ; and therefore affected children should be treated if there is any evidence of this. Such treatment is given some support by Picard et al. 17 . They compared 52 children with dysphasia with a control group of 20 children using ambulatory EEGs. Half of the dysphasic group showed paroxysmal epileptic activity, and only two of the controls. They considered that if this activity was higher than 8% of the total sleep time, treatment should be given. In a similar study by Echenne et al. 18 , 32 children with developmental dysphasia were examined. Nineteen had never had seizures, 10 has abnormal standard EEGs, but the overall night sleep recordings showed epileptic discharges in 30. However others have disagreed, although differences may be due to the selection of patients. Duvellroy-Hommet et al. 19 examined 24 patients with expressive dysphasia, nine of whom had paroxysmal activity in their sleep EEGs, although this only reached a level of 2.5% in five of them; and it was concluded that these discharges did not affect language development.
To illustrate the effect of epileptic phenomenon on language development, Rosenblatt et al. 20 report a 6-month-old girl who presented with a right hemiplegia secondary to a lesion of probable pre-natal origin in the distribution of the left middle cerebral artery. A few weeks later she developed infantile spasms, and at 1 1/2 years of age, because of intractable seizures, a fenestration of a left-sided porencephalic cyst and a anterior temporal lobectomy were carried out. The fits stopped, but language development remained limited to 35 words at 3 1/2 years of age. The EEG showed almost continuous epileptic discharges from over the left cerebral hemisphere with no epileptic activity on the right side. At 44 months of age a left functional hemispherectomy was performed, in which a central resection was combined with anterior and posterior disconnection procedures 21 . In the following months she improved dramatically, especially in language acquisition. Nine months later her vocabulary increased to 750 words and subsequently she started to use longer and more complex sentences. It was presumed that the speech area was in the right hemisphere in view of the extensive lesion on the left side demonstrated by CT scan, and that the epileptic activity contralateral to the speech area caused the interference with language development; and that an operation may be indicated, not only for the control of seizures, but also to reduce functional impairment of other parts of the brain.
In a study of four children with Rassmussen encephalitis, Caplan et al. 22 examined social communication and language function. As is usual in this condition all the children suffered from epilepsy, and before hemispherectomy was carried out they were all severely impaired on language tests, apart from their social problems. After operation there was a marked improvement in all these symptoms, implying that early surgical intervention may not only help to control the seizures but also the linguistic and social deficits.
The possibility has been raised that the abnormalities of language seen among autistic children and the severe regression of language which characterizes the disintegrative disorders might be linked to epileptic activity 23 . There is no doubt that epilepsy does affect some children within the whole spectrum of these pervasive developmental disorders; but the exact role of epileptic activity in causing their symptoms still has to be proven. However, all such patients definitely need to be examined with prolonged EEG recordings during sleep. Then if epileptic discharges are found, whether they have overt fits or not, the possibility of the relevant treatment can be considered 24 .
THE CONSEQUENCES FOR LANGUAGE FUNCTION
The syndromes considered can be viewed in the same way as other types of epilepsy; with positive and negative aspects. The former can take a variety of patterns depending on the nature of the seizure. These can be generalized or focal motor fits in which case the muscular contractions will be obvious, or can be so-called absences. If it is accepted that the fit is just the overt manifestation of the epileptic activity while the abnormal discharges seen in the EEG are the covert, the negative features are the brain functioning without those parts involved by the epileptic activity. Therefore in these syndromes it will be the impairment of intellectual and language functions. If the term 'epileptic activity' is a way of describing the chaotic and random discharge of thousands of neurons, they cannot perform their normal functions if they are indulging in this unnatural exercise; in this case developing and maintaining language and cognition. Then if this occurs at a very critical stage of development, and lasts for a significant length of time, the function involved will be disrupted. This may well be not only during this disturbance but subsequently if the normal stages of development are distorted. This course of events could explain the findings in these syndromes, whatever the cause of the seizures may be.
Morrell et al. 25 present a similar hypothesis. At the ages during which the Landau-Kleffner syndrome presents, extensive synaptogenesis is taking place with circuits being established as a substrate for language and for its hemispheric lateralization. This synaptogenesis involves an overgrowth of axons which establish contact with their target cells, followed by extensive pruning 26 . If they survive it is because they are used 27 ; and also the presence of epileptic activity within these circuits may sustain parts of the network which are inappropriate, and these may become permanent as the critical period for development has passed. Maquet et al. 12 suggested that the deterioration in these syndromes results from an alteration in the maturation of one or several associative cortices, involving local interneurons and cortico-cortical associative neurons, with impairment of the pruning of synaptic contacts and collaterals; and this is supported by their positron emission tomography (PET) findings. The proposed imbalance between excitatory and inhibitory influences would impair the normal functions of these areas, leading to progressive deterioration and pre-disposing to firing of local neuronal populations. These are especially activated during sleep by the synchronization typical of this state.
If there is a correlation between the language disorder and the continuous spike and wave discharges as reported [28] [29] [30] , it must depend on the origins of the epileptic activity. This must surely be in the subcortical structures, as these discharges can occur at a cortical level without any loss of intellectual function 31 . For example, in such a situation you can give a child a mathematical problem to solve, when the EEG consists of diffuse spike and wave activity, and this is done without difficulty. Different neuronal networks must therefore be capable of expressing continuous discharges of this kind during waking and sleep, and the results may depend on the function of the neurons acting as generators for them.
DIAGNOSIS
As far as the syndromes discussed are concerned, lesions in the brain are usually conspicuous by their absence. However, certain techniques can be helpful in establishing the nature of the disorder. For example, functional magnetic resonance imaging can be used in the localization of the language-dominant hemisphere, and in the mapping of higher-level cognitive functions, especially language 32 . Brain single photon emission computed tomography (SPECT) imaging can demonstrate abnormal perfusion in certain parts of the brain and identify the site of malfunction 33 , and PET can map areas of the cortex which are active in language function 34 , and which show hypo-or hypermetabolism 35 .
TREATMENT; MEDICAL AND SURGICAL
The continuous spike and wave discharges occurring in the sleep EEG can be more difficult to treat than the overt seizures, but a variety of drugs have been reported to be beneficial. When considering the treatment of electrical status epilepticus, with or without seizures, De Negri et al. 36 found that short cycles of treatment with relatively high doses of diazepam were most useful. Steroids may be very effective 37, 38 , but in view of their side-effects and the difficulty in assessing the response in a fluctuating condition such as the Landau-Kleffner syndrome, they must be used with care. Recently, an equally good response in terms of improved language, and in the EEG findings, has been reported after giving intravenous immunoglobulins at a dose of 400 mg per kilogram a day for 5 consecutive days 30 . Clonazepam has been reported to be particularly successful in treating Rolandic discharges 38 .
There have now been reports of multiple subpial intracortical transections in the treatment of the LandauKleffner syndrome; and if the spread of the epileptic activity mainly involves the interneurons, it is a logical method of prevention 26, 39 . It is stressed that this technique is designed to eliminate the capacity of cortical tissue to generate seizures, while preserving normal cortical physiological function. Success depends on the selection of those who have severe epileptogenic abnormalities that are unilateral in origin despite bilateral encephalographic manifestation, so-called secondary synchrony.
CONCLUSIONS
There seems to be no doubt that language development can be adversely affected by the presence of epileptic activity as demonstrated by spike and wave discharges in the EEG; and therefore this phenomenon must be of especial importance in the young child. Also, that the same activity can cause the disintegration of language function, although further research may be needed to establish the exact correlation 16 . Therefore it must surely be justifiable to treat these EEG findings, whether the child has seizures or not 40 . In addition, Besag 41 emphasizes that other aspects of learning can be impaired, and as a result so can the behaviour of the child. It can be difficult to find the treatment that will remove the epileptic discharges from the EEG, and a trial of various antiepileptic drugs may have to be used, and sometimes surgery considered. In all instances it will be of vital importance to record if so doing does indeed improve the child's condition, and especially language function; and if this has longterm effects.
